Objectives: To develop and evaluate a preliminary multifaceted model for coping among family members of patients who survive mechanical ventilation. Design and Setting: In this multicenter cross-sectional survey, we interviewed family members of mechanically ventilated patients at the time of transfer from the ICU to the hospital ward. We constructed a theoretic model of coping that included characteristics attributable to family members, family-clinician rapport, and patients. We then explored relationships between coping factors and symptoms of psychological distress (anxiety, depression, and posttraumatic stress).
T he experience of critical illness often results in significant psychological symptoms for entire family units (1) . In fact, family members experience symptoms of persistent psychological distress such as anxiety, depression, and posttraumatic stress (PTS) with a prevalence that is nearly identical to patients themselves (2) . This constellation of psychological symptoms is sufficiently prevalent that it constitutes a core element of the post-intensive care syndrome-family (3) . There are numerous etiologies for distress in family members of critically ill patients such as disruption of their lives by the trauma of a loved one being ill (2) , the social and economic impact of staying with the patient during hospitalization (1, 4, 5) , poor quality communication (6, 7) , the emotional burden associated with surrogate decision making (6, 7) , and an uncertain future among survivors of critical illness (8) (9) (10) (11) . Interestingly, the negative psychological impacts are similar among families regardless of whether the patient dies or survives critical illness (12, 13) .
Although some of the associations and risk factors for adverse family psychological outcomes are well described, there is limited insight into how family coping, when considered as a multifaceted construct, might impact psychological outcomes.
Qualitative studies on coping in families of ICU survivors has shown factors such as humor, spirituality, social support, communication, and hope as important to coping which in turn respondents relate to life quality (14) . A recent quantitative survey from Petrinec et al (15) found that an avoidant coping style among family members of ICU patients was associated with greater PTS. A recent pilot study among patients and family members in the clinical context of acute lung injury showed that although most patients and caregivers used adaptive coping skills infrequently as measured with a single questionnaire, it was feasible to provide coping skills training to reduce their psychological distress (16) . However, to our knowledge, coping as a multifaceted construct including measures of family members, clinician, and patient characteristics has not been explored among family of survivors of mechanical ventilation. Thus we felt it was important to develop and evaluate a novel model for coping among family members of patients that survive mechanical ventilation. We hoped to identify potentially modifiable aspects of coping that might guide future intervention studies for family-centered care in the ICU.
MATERIALS AND METHODS

Setting and Respondent Recruitment
We conducted a multicenter cross-sectional observational study of family members of patients that survived more than or equal to 48 hours of mechanical ventilation between December 2013 and August 2014 at the Medical University of South Carolina and Duke University. Patient criteria prompting family member screening included mechanical ventilation for more than 48 hours and survival to ICU discharge. Inclusion criteria for family members were self-described caregiver greater than 18 years old who could speak and read English well enough to not require an interpreter. Exclusion criteria for patients included lack of an identified family member, hospital discharge prior to enrollment, discharge to hospice, and involvement in another ongoing ICU-based study. We screened adult ICUs (medical, surgical, neurologic, and cardiac) daily at both sites. After obtaining approval from the primary physician, study staff obtained written informed consent from family members during the time of patient transfer from the ICU to the hospital ward. Institutional review board approval was obtained at both sites. Family members were compensated $10 for their effort.
Data Collection
After receiving informed consent, study staff abstracted patient electronic medical records for patient sociodemographic measures, patient diagnoses and patient clinical measures (diagnosis, chronic medical comorbidities [Charlson index]) (17) , illness severity (Acute Physiology and Chronic Health Evaluation [APACHE] II) (18) , in-hospital procedures, and discharge disposition. The family member who was the primary decision maker was interviewed in person by study staff within a day of providing informed consent to provide the family measures.
Multifaceted Coping Construct
We defined coping as a cognitive or behavioral effort to manage specific external or internal challenges (19) . In the setting of critical illness, we conceptualized family coping as a multifaceted construct that is associated with a variety of factors including measures of family, family-clinician rapport, and patient characteristics. We hypothesized that family member measures such as sociodemographics, faith, financial distress, health literacy, social support, quality of life (QOL), and individual attributes (e.g., resilience, hope, and optimism) would be associated with coping (20) (21) (22) (23) . In addition, we hypothesized that measures of family-clinician rapport (e.g., communication quality and presence of conflict) and patient illness severity would be associated with coping.
Measures Hypothesized to Be Associated With Multifaceted Coping Construct
Importance of faith (24) and financial distress (25) were captured on a four-point Likert scale (strongly agree, agree, disagree, and strongly disagree). Family members' health literacy was measured using the Peterson three-item scale (26) . Their perceived social support was rated on a Likert scale taken from the Patient Reported Outcomes Measurement Information System inventory (27) . We measured intensity of coping using the Active Coping domain of the Brief COPE scale (28) . We used the Euro-QOL's 100-point Visual Analogue Scale to assess current perceived QOL, with 0 representing the worst QOL imaginable and 100 representing the best imaginable QOL (29) . Resilience was assessed with the Conner-Davidson Resilience Scale (CD-RISC) (30) , which includes 10 Likert-scaled items scored from 1 (not at all) to 5 (nearly all the time); scores can range from 0 (low resilience) to 40 (high resilience). The 10-item scale has been shown to be valid and internally consistent and correlates well with the original measure (r = 0.92) (31) . The scale also demonstrates an improvement in score with treatments aimed at increasing resilience (32) . However, this scale has not been examined in the ICU setting as of yet. Hope was assessed with the Neuro-QOL item bank question on positive affect and well-being (33) . We measured optimism using an item from the Life Orientation Test scale which uses a five-point Likert scale (34) .
Family-clinician rapport measures included communication quality, conflict, and therapeutic alliance. Family members' perceived quality of communication with ICU clinicians was measured using a summary item from the Quality of Communication scale, "Overall, how would you rate the ICU physician's communication with you?" (35) . To evaluate conflict, we used the four-item version of the Decisional Conflict Scale (scores can range from 0 [conflict] to 4 [no conflict]) (36) . Therapeutic alliance was measured using a version of the Human Connection Scale (HCS) (37, 38) . The HCS includes 15 Likert-scaled items scored from 1 (not at all/never) to 4 (a large extent/extremely); scores can range from 15 (low therapeutic alliance) to 60 (high therapeutic alliance); this measure has been shown to have concurrent validity and a high degree of internal consistency with Cronbach α equal to 0.90 (37) . Family members were instructed to rate their overall impression of ICU physicians if they interacted with more than one. 
Psychological Distress Outcome Measures
The study outcomes were measures of acute (i.e., in-hospital) anxiety, depression, and PTS symptoms among family members of survivors of mechanical ventilation. We measured anxiety and depression symptoms using the Hospital Anxiety and Depression Scale (HADS) which is a 14-item twodomain instrument with evidence of reliability (Cronbach α of 0.81-0.90), validity (r > 0.90), and responsiveness among the critically ill and their families (39) (40) (41) (42) . Domain scores greater than 7 indicate either likely depression or anxiety (score range, 0-42; high scores reflect greater distress), and a five-point change on the HADS scale has been previously correlated to a clinically significant change while measuring anxiety and depression (13, 42) . The PTS Scale (PTSS) is a 10-item PTS symptoms scale that has been used frequently in the ICU context (5, (43) (44) (45) (46) (47) . PTSS scores greater than or equal to 20 represent a risk of PTS (score range, 0-40; high scores reflect greater distress). The PTSS has excellent internal consistency (π = 0.89) and test-retest reliability (intraclass correlation coefficients, 0.70-0.90), evidence of concurrent validity (r = 0.86), and good responsiveness and is highly sensitive (86%) and specific (62%) compared with Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, criteria for the diagnosis of posttraumatic stress disorder among ICU survivors (5, 46, 47) .
Statistical Analysis
Data were analyzed using Stata software (StataCorp, College Station, TX). We imputed missing data for those who had incomplete survey items and substituted the missing item with the individual participant's overall mean item score (not the entire population); however, no single participant had more than two missing items for any questionnaire. We generated descriptive statistics including means, medians, and frequencies. We used Pearson correlations to characterize the strength of association between measures contributing to our multifaceted coping construct and our psychological outcome measures. When we found two variables conceptually similar (e.g., hope and optimism) that had similar correlations, we used the variable potentially responsive to intervention(s). We then developed multivariable linear regression models using anxiety, depression, and PTS as outcomes and included predictors that had p value less than 0.20 in our initial tests of association. Final models were built using a stepwise linear regression process. We considered a p value less than 0.05 to be statistically significant.
RESULTS
A total of 131 family members were screened, of whom 55 were excluded and 59 provided informed consent ( Fig. 1) . Family members were predominantly female (78%) and white (57%), and their relationships to patients included spouses (32%), children (34%), and parents (18%) ( Table 1) . Patients were predominantly white (57%), had a high number of comorbidities (mean Charlson, 2.4; sd, 1.5), and a majority were treated in the medical ICU (62%) for respiratory conditions (43%) ( Table 2) . Patients' mean (sd) APACHE II score was 18 (sd, 5) and in-hospital mortality was 6%. Most patients (53%) were discharged home either with or without home health services. Figure 2 shows the theoretic model of multifaceted coping and the hypothesized relationships between family, family-clinician rapport, and patient factors we believed would be associated with family psychological outcomes. In general, the family members felt a moderate amount of financial distress though reported high levels of faith, health literacy, social support, and QOL ( Table 3 ). In addition, they reported actively coping with the family members' illness with high levels of optimism and resilience. A moderate level of psychological distress was reflected by questionnaire scores including: HADS total (median, 14; interquartile range [IQR], [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , HADS anxiety (median, 7; IQR, 4-12), HADS depression (median, 5; IQR, 1-8), and PTSS (median, 22; IQR, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . Family-clinician rapport was generally positive with high ratings of communication, therapeutic alliance, and low conflict.
Family-related measures that showed significant associations with psychological symptoms are shown in Table 4 . We found that family members who had lower levels of anxiety and depression also had higher levels of hope, optimism, and resilience. Similar associations were seen between PTS symptoms and hope, optimism, and resilience. No measures related to family-clinician rapport or patients' clinical status correlated with HADS or PTSS scores.
Separate linear regression models were constructed for the family psychological outcomes and are shown in Table 5 .
Optimism was noted to be a significant in all four of the models and was associated with lower levels of anxiety, depression, and PTS (all p < 0.05). Noteworthy variables that were not included in final models included faith, hope, quality of communication, conflict, and therapeutic alliance as they all had a p value of greater than 0.20.
DISCUSSION
To our knowledge, this is one of the first studies to explore coping as a multifaceted construct and its relationship with family psychological outcomes among survivors of mechanical ventilation. In general, our family members reported moderate amounts of anxiety, depression, and PTS however; attributes such as optimism and resilience were associated with psychological coping. Additionally, better social and economic support was associated with more frequent adaptive coping behaviors, whereas measures of family-clinician rapport were not associated with coping behaviors.
In particular, we found that optimism and resilience were recurring and important factors related to acute psychological distress, especially with respect to anxiety. In the context of critical illness, there is limited research on these relationships, most of which is from the perspective of prognostic discussions in which "being optimistic" has been reported by family as a counterweight to poor physician prognostic estimates of survival (48) . Clinicians may understandably focus on the need to be "clinically realistic," but novel strategies to support family optimism and convey needed clinical information might help to decrease psychological stress. Such interventions would be congruent with broader psychology literature in which more optimistic people have lower levels of stress, anxiety, and depression (49, 50) and in keeping with a study among trauma patients in which optimism contributed not only to coping but also to information perception and decision making (51) .
Resilience was also associated with lower rates of adverse psychological outcomes in the multivariable model. In popular culture, stories of resilience are inspiring, including Louis Zamperini a World War II prisoner of war (52) and Ernest Shackleton with his doomed voyage to Antarctica (53) . More formally, resilience has been described by the American Psychological Association as a trait that facilitates adapting or recovering from adversity (54) . Resilience in the medical literature is associated with lower rates of PTSD in parents of children with cancer (55), military recruits (56) , and refugees (57) . ICU clinicians might not view surviving mechanical ventilation as a comparable story of resilience; yet, resilience as a construct offers protection against adverse psychological outcomes and hence could be a target for future family-centered interventions (58, 59) . We found that better social support and financial resources were associated with lower rates of anxiety, depression, and PTS. This is similar to findings from qualitative studies in family members of acute respiratory distress syndrome survivors (14) . Proactively screening for unmet social or financial needs might be one strategy to support family of survivors of mechanical ventilation.
Notably, our measures of family-clinician rapport were not associated with the frequency of coping behavior use or with psychological outcomes. This may be because family members had generally high ratings of communication and therapeutic alliance and reported low levels of conflict with clinicians. In prior work, we found that therapeutic alliance reflects important combinations of trust, communication, and cooperation and could be an important outcome for family-centered research (38) . This may also be because all family members that we interviewed were related to survivors of mechanical ventilation and thus experienced lower rates of psychological distress as compared to end-of-life care studies that focus on communication and psychological outcomes.
We found no significant associations between measures of patient's clinical status and psychological outcomes; except in multivariable modeling worse APACHE II scores were associated with worse caregiver anxiety. This may indirectly reflect discussions between ICU clinicians and families with more intense conversations occurring among family of more seriously ill ICU patients, although our data cannot directly address this speculation. It should also be noted that a quarter of our patients had undergone a tracheostomy and thus could be considered "chronically critically ill" (60) and hence our findings may not generalize to all survivors of mechanical ventilation. In addition, the absence of information about the patient length of stay may influence psychological outcomes and should be considered as a variable in the future studies.
This study has other limitations. It characterizes perspectives from family members at two academic medical centers in the southeastern United States, and different findings may be reported in other geographic regions. Furthermore, we only sampled family members of patients who survived mechanical ventilation and agreed to discuss their experience with our team, so there is the possibility of response bias. Although the survey instruments used for our outcome measures have been applied extensively in family members of ICU patients, this is a novel application of several other instruments (CD-RISC (30), HCS (37, 38) , Neuro-QOL item NQPPF12 (33) , and Life Orientation Test scale (34) ) and hence would benefit from future psychometric assessments. Since this study was survey based, the number of instruments used may have caused respondent fatigue although no participant reported any trouble understanding or completing the surveys. In addition, our study captured only family members' perceptions, and the experience of patients and ICU clinicians is an important issue for future studies. Another caveat is that we asked family to respond regarding rapport with ICU physicians and did not measure perceptions of rapport with nursing staff which should be explored in future studies. Finally, this was an exploratory study, and our conceptual model of coping should be further validated before informing directionality and specific intervention strategies.
In conclusion, this is the one of the first studies to explore the association between coping as a multifaceted construct and acute psychological distress among family members of survivors of mechanical ventilation. Family member attributes like optimism and resilience seem to decrease psychological distress, and addressing practical social and financial needs might benefit with coping in family of survivors of mechanical ventilation. Ideally, coping skills training to improve psychological distress similar to what has been done in family members of acute lung injury survivors (16) should be an area of focus for enhancing family-centered care and should include longitudinal follow-up.
